Scheme 2. Azidotrifluoromethoxylation of styrenes. t Bu 3 tpy ¼ 4,4 0 ,4 00 -tri-tert-butyl-2,2 0 :6 0 ,2 00 -terpyridine; bpy ¼ 2,2 0 -bipyridine;
Background
Hypervalent iodine reagents have rapidly become vital synthetic tools in organic chemistry as stoichiometric oxidants and electrophilic sources of various functional groups such as F, CN, and alkynes. [1] [2] [3] Many such reagents are now known, with prominent examples such as Dess-Martin periodinane and 2-iodoxybenzoic acid being commercially available. In 1996, the Zhdankin reagent, 1-azido-1,2-benziodoxol-3 (1H)-one (3) was first prepared [4] from 1-hydroxy-1,2-benziodoxol-3(1H)-one (1) and trimethylsilyl azide (Scheme 1). This hypervalent iodine compound can also be efficiently prepared from iodosobenzoic acid (2) . [5] Compound 3 has been shown to primarily act as a source of radical azide. [5, 6] Radical reactivity can be initiated thermally or with a peroxide catalyst. The use of this reagent in synthesis has grown considerably since 2013, which may relate to the rise of photoredox catalysis. The latter methodology allows the generation of radicals under particularly mild conditions. The Zhdankin reagent is frequently employed in tandem with a metal catalyst such as copper [7] [8] [9] [10] [11] [12] or iron. [13, 14] This article highlights some notable applications of molecule 3 that have appeared since 2016.
Results and Discussion
Tang and coworkers reported the photoredox-catalysed azidotrifluoromethoxylation of styrenes with the Zhdankin reagent and arylsulfonate 5 in the presence of AgF (Scheme 2). [15] This atom-transfer radical addition provides an elegant strategy for the installation of trifluoromethyl ethers, and an azide primed for further functionalisation. The authors propose that a putative azide radical is generated from reduction of compound 3 by photoexcited [Ru(bpy) 3 ]Cl 2 (a well-established process for 3). [5, 7, 16] Addition of this radical to a styrene is thought to generate a benzylic radical that is oxidised by [Ru(bpy) 3 ] 3þ (bpy ¼ 2,2 0 -bipyridine) to produce a benzylic carbocation. The latter is intercepted by AgOCF 3 (generated from AgF and arylsulfonate 5 in situ) [17] to deliver the product 6. This reaction was applied to a steroid, and artemisinin and amino acid derivatives, demonstrating its capacity to facilitate the late-stage functionalisation of complex molecules.
In combination with copper, the Zhdankin reagent has been shown to perform aminoazidations of unactivated alkenes (Scheme 3). [18] Given the prevalence of amines and their derivatives in complex and bioactive molecules, [19, 20] such 1,2-diamine derivatives are highly valued. However, poor chemoselectivity has largely limited intermolecular reactions to cases in which both nitrogen substituents within the substrate are the same. Despite these challenges, Wang developed a modular aminoazidation protocol in which a simple copper catalyst facilitates an aminocyclisation. It is suggested that the ensuing alkyl radical is trapped directly with compound 3, ultimately forming the desired azide. This reactivity is distinct from previous reactions in which reagent 3 initiates reactivity rather than terminating it. [21, 22] The authors demonstrated their protocol allows for the reaction of both terminal and internal alkenes. The utility of these products was established with efficient gram-scale syntheses of bioactive compounds and an aza-labelled steroid.
In addition to radical additions, 3 is also capable of performing C-H azidations. Hartwig and coworkers reported the C-H azidation of a range of structurally diverse natural products ( Fig. 1 ). [23] This was achieved with an iron(II)/bis(oxazoline) catalyst system in combination with reagent 3. Both benzylic and aliphatic C-H bonds underwent successful azidation, with selectivity controlled by steric and electronic factors within the substrate. The authors hypothesise that a tertiary alkyl radical is generated along with an iron azide intermediate and that the iron complex is directly involved in the C-N bond-forming step. [24] The mild reaction conditions tolerated a wide range of functional groups including basic nitrogens (pyridines), which can poison the catalyst, and ethers, which can be susceptible to C-H abstraction by radicals. This demonstrates the capacity of this methodology to facilitate the rapid late-stage functionalisation of bioactive compounds.
Despite the utility of the Zhdankin reagent, like many hypervalent iodine species, it is explosive and shock-sensitive, and injuries have been reported from its use. [25] In an attempt to mitigate these undesirable properties, Waser and coworkers have prepared two analogues of compound 3 with higher molecular weights (Fig. 2) . A thorough investigation revealed that these new reagents are more stable than molecule 3 to heat, friction, and shock (marginally in the case of molecule 9). Having established their stability, the competence of these reagents in azidation reactions was also evaluated. t Bu-azidobenziodoxolone (9) gave yields comparable with the Zhdankin reagent in the aforementioned azidations by Hartwig and Wang. The reactivity of azidobenziodazolone (10) was limited in some cases by its lower solubility and higher thermal stability, which hindered the generation of azide radicals. Nevertheless, this species still proved to be a viable substitute for molecule 3 in the reactions that were investigated.
Conclusions
The Zhdankin reagent is a useful and versatile reagent for azidation chemistry, and it will continue to find applications. Future investigations of this reagent are likely to include the development of safer, more versatile analogues while enabling broader reactivity. 
